Nerve ischemia, both acute and chronic, may contribute to diabetic neuropathies, but the pathogenesis remains obscure. The vulnerability of diabetic nerve to ischemia was assessed by ligating arteries of supply of rat sciatic nerve after 20 wk of streptozocin-induced diabetes. In the first 24 h after the arterial ligations, severe and more rapidly occurring clinicopathological abnormalities were invariably seen in diabetic nerves, but these findings were less severe in nondiabetic nerves. The results imply that peripheral nerve in diabetes mellitus is more subject to ischemia than normal nerve. This phenomenon may ensue from endoneurial hypoxia and play an important role in the development of diabetic neuropathies. DIABETES 1986; 35:1058-61. D espite the fact that the diabetic neuropathy is the most common and best understood of the human metabolic neuropathies, the pathogenic basis remains unclear. Current knowledge of the possible pathogenesis of diabetic neuropathy has been reviewed recently. 13 It is widely assumed that diabetic mononeuropathy is vascular in nature, typically manifested by painful sudden onset in older diabetics, with spontaneous improvement. Although vascular occlusions relating to a nerve lesion have rarely been demonstrated in human diabetic mononeuropathy, the occurrence of central fascicular fiber degeneration in association with pronounced arteriolar changes such as hyalinization and vessel-wall thickening with luminal narrowing suggests an ischemic origin. 467 Multiple endoneurial infarcts in the ventral roots have been documented in aged, spontaneously diabetic BB-Wistar rats. 9 The incidence of entrapment neuropathies in diabetes is higher than expected in the general population.
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In contrast to the mononeuropathy, diabetic distal symmetrical polyneuropathy is thought to be an interaction of diverse factors, e.g., metabolic, vascular, and genetic. The earliest studies of human diabetic neuropathy emphasized that abnormalities of the vasa nervorum were of major pathogenic importance, 2324 but it has been generally conceded that vascular diseases and neuropathy could occur independently as a consequence of chronic diabetes. 12 However, with the advent of adequate techniques to perform morphometric analyses of endoneurial vessels and nerve pathologies, capillary abnormalities were recently shown to be directly related to fiber damage in human diabetic polyneuropathy. 2526 The concept of an abnormal susceptibility of diabetic nerve to ischemia was deduced from studies in two forms of diabetic neuropathies-mononeuropathy and symmetrical polyneuropathy-that are often encountered in the same patient. However, this attractive assumption has not yet been proven. The study reported here was performed to determine the morphologic evidence of vulnerability of diabetic nerve fibers to ischemia by ligating major arteries in rats with 20 wk of streptozocin (STZ)-induced diabetes.
MATERIALS AND METHODS
Twenty-four Sprague-Dawley rats (210-240 g) were used. Diabetes was induced in 12 rats by injection of 70 mg/kg body wt i.p. STZ (Sigma, St. Louis, MO) in 0.01 M citrate buffer at pH 5.5 after an overnight fast, whereas controls (N = 12) were buffer-injected only. Rats were considered diabetic if nonfasting plasma glucose concentration was >15 mmol/L both 7 days and 20 wk after injection. At 20 wk after onset of diabetes, rats were anesthetized with 450 mg/kg body wt i.p. chloral hydrate, and simultaneous ligation of the abdominal aorta distal to the renal arteries and of the right common iliac, external and internal iliac, superior gluteal, and femoral arteries was performed. Other small branches from the right common iliac artery were also ligated. Groups of 4 rats were killed at 8, 12, and 24 h after the arterial ligations. Histological processing has been described previously. 27 Subserial transverse semithin sections (1.0 jim thick) were cut at 500-|jim intervals from the gluteal level of sciatic nerve to the ankle level of tibial and sural nerves and the midcalf level of peroneal nerve. Serial semithin sections with periodic thin sections were additionally cut at areas where ischemic nerve damage was becoming apparent. Rats were assessed clinically via postural reflexes and nociceptive response. After depilation, the hindlimbs were observed for color, temperature, and trophic changes.
RESULTS
All STZ-injected rats were diabetic, with mean plasma glucose level 20.5 ± 2.6 mmol/L (control 4.6 ± 0.6 mmol/L). Diabetic rats developed polydipsia, polyphagia, polyuria, and dense cataracts and weighed less than age-matched controls, but none had clinical signs of motor or sensory impairment during 20 wk of diabetes. After multiple ligations of major arteries, all diabetic rats showed evidence of a complete sciatic nerve paralysis with severe acrocyanosis, whereas clinical findings in controls were variable, including severe paralysis in 8 and normal or minor involvement in 4 (33%). In another series of normal rats, I found a similar incidence of less severely affected rats (6 out of 15, 40%) during the first 24 h after the same surgical procedure of arterial ligations (unpublished data).
At 8 h after the arterial ligations, fiber pathologic alterations were found in all diabetic rats, but at this time none of the control rats showed obvious fiber pathology, despite extensive investigation of subserial sections. In diabetic rats a focal ischemic lesion was confined to 3-4 mm length of the distal sciatic, proximal tibial, and proximal peroneal nerves at the lower-thigh level and revealed "dark axons with light cores, dark axons, swollen dark axons with disproportionately thin myelin or without myelin, and attenuated axons" (Fig. 1) . 27 These pathologic alterations are characteristic of the early structural response of nerve fibers to acute ischemia after microsphere embolization. 27 At 12 h, although fiber lesions were well expressed in all diabetic nerves (Fig. 1) , only a few dark axons and attenuated axons were seen in two of the controls. Ischemic nerve damage was extensive 24 h after ischemic injury in both groups, although severity of the fiber pathology and extension of the lesion were much greater in diabetic than in nondiabetic nerves.
DISCUSSION
The results provide evidence that chronically diabetic nerve is more subject to acute ischemia than nondiabetic nerve, supporting the notion that a patient with diabetes has a liability to ischemic mononeuropathy that can be linked to atherosclerotic injury of major nutrient vessels. Even mild ischemia might cause symptomatic mononeuropathy in long-standing diabetes. Increased susceptibility to ischemic damage in diabetic nerve may also explain the abnormal intolerance to compression injury in long-term diabetics, in whom isolated nerve lesions frequently occur at the common sites of pressure palsies. 
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SUSCEPTIBILITY IN DIABETI Several possible underlying mechanisms exist in STZ-diabetic nerve for the observed susceptibility to ischemia, including metabolic derangement associated with hyperglycemia and/or insulin deficiency, alterations of the nerve microenvironment, abnormalities in axoplasmic transport, and axonal atrophy. 28^37 Early physiologic and biochemical alterations including the paradox of an increased resistance to ischemic conduction failure are presumed to have a metabolic basis, because these abnormalities can be lessened by intensive metabolic therapy, although full recovery does not occur.
2833353839 A significant reduction in endoneurial oxygen tension associated with reduced nerve blood flow has been demonstrated in rat sciatic nerves with 4 mo of STZinduced diabetes. 40 This hypoxia could account for many of the observed physiologic and biochemical alterations in experimental diabetes and may render the diabetic nerve hypersensitive to ischemia. Endoneurial hypoxia 41 and a reduction in nerve blood flow 42 have also been reported in experimental galactose neuropathy. Galactose neuropathy may be caused by a pathogenic mechanism similar to that seen in diabetic neuropathy. Although STZ-induced diabetes in rats has many clinical, electrophysiologic, and metabolic features in common with human insulin-dependent diabetes mellitus, there is an apparent lack of macro-and microvascular diseases and actual fiber pathologic alterations in the form of segmental demyelination and/or fiber loss. 47 - 49 This less severe pathology in STZ-diabetic nerve may partly be due to the paucity of systemic vascular abnormalities, because the pathogenic role of capillary abnormalities in the development of human diabetic polyneuropathy has recently been demonstrated. 2526 Microenvironmental alterations in endoneurium and an increased susceptibility to ischemia might interact with systemic vascular diseases to produce the late complication of nerve fiber pathologies. In human diabetes with asymptomatic neuropathy, segmental demyelination is prominent, and an established neuropathy shows various combinations of fiber loss and segmental demyelination. 1i217 ' 50 -52 Experimentally, it has been demonstrated that mild ischemia causes an accumulation of axon organelles and demyelination after microsphere embolization (Ref. 27 ; H. Nukada and P. J. Dyck, unpublished observations). Focal loss of myelinated fibers in proximal nerves of autopsied cases with diabetic symmetrical polyneuropathy, a pattern similar to that seen in experimental ischemic neuropathy, 275354 has been described. 55 This also raises the intriguing possibility that ischemic vascular disease could underlie diabetic symmetrical polyneuropathy. I suggest the relevance of an increased ischemic susceptibility to the pathogenesis of diabetic mononeuropathy, but it also may apply in the development of symmetrical polyneuropathy. Note added in proof. Since submission of my manuscript, the following papers suggesting that nerve ischemia may be important in the pathogenesis of diabetic neuropathy have been published: a Dyck, P. J., Lais, F, Karnes, J. L, O'Brien, P., and Rizza, R.: Fiber loss is primary and multifocal in sural nerves in diabetic polyneuropathy. This investigation was supported by grants from the New Zealand Neurological Foundation and the New Zealand Heart Foundation.
